abstract: Predators can cause a shift in both density and frequency of a prey phenotype that may lead to phenotypic divergence through natural selection. What is less investigated is that predators have a variety of indirect effects on prey that could potentially have large evolutionary responses. We conducted a pond experiment to test whether differences in predation risk in different habitats caused shifts in behavior of prey that, in turn, would affect their morphology. We also tested whether the experimental data could explain the morphological variation of perch in the natural environment. In the experiment, predators caused the prey fish to shift to the habitat with the lower predation risk. The prey specialized on habitat-specific resources, and there was a strong correlation between diet of the prey fish and morphological variation, suggesting that resource specialization ultimately affected the morphology. The lack of differences in competition and mortality suggest that the morphological variation among prey was induced by differences in predation risk among habitats. The field study demonstrated that there are differences in growth related to morphology of perch in two different habitats. Thus, a trade-off between foraging and predator avoidance could be responsible for adaptive morphological variation of young perch.
The phenotypic modification of an organism is often a response to a heterogeneous environment. Both habitat gradients of physical structure and differences in ecological interactions such as competition and predation are im-portant representatives of such heterogeneity. Predation is suggested to be especially important because predators are a major structuring force in natural communities, and predation has been shown to have strong direct effects on ecological interactions (Sih et al. 1985; Lima and Dill 1990; Lima 1998) . Furthermore, recent studies have shown that predator-prey interactions could be involved in diversification of species because predators have the ability to affect both the abundance and the distribution of phenotypes (Abrams 2000; Rundle et al. 2003; Vamosi 2003; Langerhans et al. 2004 ). In particular, there are good examples of how predation may contribute to species sorting along environmental gradients in freshwater habitats where predators may constrain the distribution and success of prey species, leading to local adaptation (McPeek 1995; Wellborn et al. 1996) .
Besides direct effects through natural selection, predation can cause a variety of indirect effects that likely could produce evolutionary shifts. However, theoretical exploration of the evolutionary effects of indirect interactions is still in its infancy, and empirical examples are strongly needed (Abrams 2000) . Examples of such indirect effects are apparent competition and keystone predation, but there are several other ecological indirect effects that potentially have evolutionary consequences (reviewed in Schoener 1993; Menge 1995; Abrams 2003) . In particular, predators should be important for adaptive shifts of species that use different habitats and are subjected to a trade-off between foraging and predator avoidance by switching between these habitats. In such a case, high predation risk in one habitat may cause prey to shift to another habitat with the benefit of a lower risk but a cost in terms of reduced foraging efficiency. However, if the prey demonstrates phenotypic plasticity in relation to the new environment, the cost of habitat shift might be mitigated. The relationship between phenotypic plasticity and habitat-specific resource use has been shown in numerous studies (Smith and Skú lason 1996) , but the role of ecological interactions, such as the effects of predators on trophic polymorphism of prey species, has not been investigated.
In this study, we tested whether behavioral shifts due to a variation in predation risk among different habitats cause adaptive morphological changes in a fish population. In aquatic communities, indirect effects of predators have been found to be of major importance for prey habitat preference because the predation risk may vary in both littoral and pelagic habitats (Eklöv and Van Kooten 2001) . However, evolutionary consequences of such indirect effects have not been tested. Thus, we combine two different models of community and evolutionary ecology: habitat preference is determined by a trade-off between predation risk and foraging return (e.g., Werner et al. 1983; Eklöv 1995) , and the morphological response is determined by the diet in the new habitat, that is, phenotypic plasticity (Via and Lande 1985) . We hypothesize that the relative strength of competition and predation mediates a habitat shift that, in turn, leads to an adaptive morphological shift of the prey fish. The evidence for the adaptiveness of such morphological shifts has experimentally been tested, showing strong correlations between morphology and resourcespecific foraging efficiency Eklöv 2003, 2004) . We combined morphological data from a field enclosure experiment with data from a natural population to test whether the morphological expression of the fish in the experiment was in the same direction as in the field. It has been argued that the mutual depletion of resources is the major ecological mechanism to the evolutionary divergence of organisms living sympatrically (Schluter 2000b) . Nevertheless, several lines of evidence demonstrate that indirect effects of predators on prey resource use can produce divergence not only at the population level but also at the individual level by affecting individual morphological variation (see Abrams 2000) . Thus, in order to evaluate the correlation between individual morphological variation and resource use, we analyzed individual specialization on resources rather than focusing on mean population resource use. This is important in order to detect intrapopulation differences in resource use and whether such variation could result in a morphological variation (see Bolnick et al. 2003 for review) .
We addressed the following three predictions: differences in predation risk induce behavioral shifts of the prey that in turn affect individual diet specialization; differences in food resource use of the prey in turn lead to a morphological change, that is, a resource polyphenism; and variation in the prey morphology expressed in an experimental population explains fitness differences among individuals in a natural population. We experimentally tested the two first predictions and then used the experimental results to test the third prediction in a natural field population.
Methods

Pond Experiment
We performed the experiment in a rectangular pond (22 m) at Umeå University's pond facility, Röbäcks-m # 77 dalen. The pond was divided into 20 enclosures (7 m # m) and fed with well water. The water depth could be 10 adjusted between 0 and 170 cm. The enclosure walls consisted of nylon-reinforced plastic attached to stiff polypropylene plastic sheets that were buried ∼15 cm into the mud. At the end of May, we drained the pond to approximately 5 cm to allow invertebrates to survive and checked the walls for potential damages caused during the winter. The water was thereafter set to a depth of 80 cm. The distribution of the vegetation (Carex rostrata and Myriophyllum sp.) in the enclosures was adjusted to 50% of each enclosure. The rest of the enclosure had open water. Between the vegetation and open water habitats, a net (mesh size 2.5 cm) was raised that allowed prey cm # 2.5 fish to pass through but restricted the predators to one of the habitats.
At the end of June, we angled predatory perch (Perca fluviatilis) from a nearby lake and stocked them into an adjacent pond. The predators were sustained on available bottom fauna resources before the start of the experiment. At the end of July, we electrofished young-of-the-year perch, and the fish were held in 1,000-L tanks with circulating water placed on the bank of the pond. The experiment started on August 7, when 120 young-of-theyear perch (wet mass g, SD) were 0.30 ‫ע‬ 0.042 mean ‫ע‬ 1 stocked into each enclosure. For 2 days, the enclosures were checked for mortalities, and fish were replaced if necessary. On the third day, predatory perch (wet mass g, SD) were added to the two 29.71 ‫ע‬ 3.56 mean ‫ע‬ 1 habitats at varied densities, making up five treatments (table 1). Because we manipulated predator density in the two habitats, the design allowed us to test for both direct (equal predator densities) and indirect (unequal predator densities) effects of predators on prey morphological responses. The treatments were replicated four times and distributed among four blocks that differed slightly in vegetation abundance, making up 20 enclosures in total. However, because there was no significant block effect in subsequent analyses, blocks were pooled.
Invertebrate densities were estimated immediately before the start of the experiment. In each enclosure, two samples were taken in the open water and in the vegetation, respectively, with a plankton net (diameter 23 cm, mesh size 75 mm) pulled horizontally 2 m through the water (sample volume 82 L). Samples were preserved with Lugol's solution. Vegetation samples included both vegetation-attached and free-swimming microcrustaceans (zooplankton) and macroinvertebrates, whereas open-water samples included zooplankton only. Macrocrustaceans and macroinvertebrates were identified to genus or species, and individuals were measured to obtain length-frequency data. Lengths were transformed to dry mass using length-mass relationships given by Bottrell et al. (1976) or by using our own length-mass relationships (macroinvertebrates).
We estimated perch prey habitat use by direct observation from a mobile platform raised 5 m above the water surface. To facilitate the recordings, we divided each enclosure into -m squares by plastic sticks that were 1 # 1 pressed into the sediment. Two people performed the recordings: one person used binoculars to continuously report the positions of the fish, and the other recorded position and behavior on a laptop computer. We followed a focal prey for a 10-min period and recorded proportional use of vegetation and open water.
At the end of the experiment (September 13), we sampled invertebrates both in the vegetation and in the open water with the same methods used earlier. We then removed all fish from the enclosures with a seine. We seined each enclosure repeatedly until we had three empty hauls in a row and then considered the enclosure empty. We determined the wet mass of the predators, and the prey and the fish were immediately frozen for later morphometric and gut content analysis.
Morphological Analyses
We analyzed the morphology of 50 haphazardly selected prey individuals from each enclosure using landmarks digitized with TPS-digit (Rohlf 2001a ) from digital images of each specimen. We digitized 16 landmarks on the left side of each specimen. We used the digitized landmarks to analyze the relative position of each landmark and variation in body form using TPSRW (Rohlf 2001b) . We used TPSRW to calculate partial warp and uniform scores of the individuals. The uniform shape components parameterize all shape variation that is uniform throughout the whole geometry, meaning the variation that is large scaled and neither spatially localized nor spatially disproportionate. A common example of uniform shape variation is a general extension/contraction of a whole animal along some axis. In contrast, the partial warps measure nonuniform shape variation that is localized to particular regions of the geometry and is smaller scaled. A common example would be a local extension/contraction that does not occur in other parts of the animal (Bookstein 1991 (Bookstein , 1996 .
Both experimental fish and fish from the field survey came from the same lake, Lake Trehörningen. We recalculated mass (wet weight) and morphology of 1-year-old perch from field data Eklöv 2002, 2003) . We caught perch from both the littoral and the pelagic habitats by using gillnets (see Eklöv 2002, 2003 for details). We used body size (mass) of the individuals as an estimate of fitness. Body size is a reasonable estimate of fitness if individuals are of the same age, as was the case in our field survey. The morphology of the fish (field and enclosure) was combined into a single data set to calculate partial warps.
The partial warp and uniform scores were analyzed with a multivariate discriminant function analysis. We performed the discriminant function analysis on the basis of the separation (classification) of the wild-caught littoral and pelagic perch. This technique combines all partial warp and uniform scores for each fish into one function (morphological index [MI] ) that maximally discriminates between the two habitats. To be able to test whether the morphological response was quantitatively of the same magnitude and in the same direction in the experimental study as in the field, we projected the partial warp and uniform scores from the experimental data on to the MI from the wild-caught perch. This allowed us to determine whether the variation in morphology of the experimental fish was correlated to growth rate in the field fish. Body form changes associated with MI were visualized as deformations by using the TPSREGR program (Rohlf 2000) to display the regression of the original coordinates on MI.
We used the MI of the 1-year-old perch in the field survey to relate differences in growth patterns between the two habitats. We analyzed the differences between littoral and pelagic perch in the relationship between the wet weight of the fish and their morphology using ANCOVAs with the MI as a covariate to test for homogeneity of slopes.
Diet Data Analyses
The stomach contents were analyzed under a dissecting microscope and were identified to order, family, or species, and lengths of the first 10 prey of each group were measured to the nearest 0.1 mm. If there were !10 prey from a group, then all prey in that group were measured. The lengths of all prey types were then converted to biomass (dry weight) using published length-mass relationships for zooplankton (Bottrell et al. 1976) or by using our own length-mass relationships (macroinvertebrates). The biomass-based diet was separated into five different diet categories. The diet categories were cladocerans, copepods, pelagic macroinvertebrates, predator-sensitive macroinvertebrates, and chironomid larvae. Pelagic macroinvertebrates mainly consisted of chironomid pupae and Chaoborus larvae.
There are several methods to measure within-population or within-replicate variation in diet (Bolnick et al. 2002) . To assess the within-replicate diet variation, we compared the resource use distribution of an individual to that of its population (replicate) by using a proportion similarity index (PS; Schoener 1968; Feinsinger et al. 1981; Bolnick et al. 2002) . The diet overlap between an individual i and the replicate is
where p ij is the frequency of diet category j in the individual i's diet and q j is the frequency of diet category j in the replicate as a whole. For individuals that specialize on a single diet item j, PS i will be equal to the value of q j . For individuals that consume resources in direct proportion to the population as a whole, . The overall prev-PS p 1 i alence of individual specialization (IS) in the replicate can be expressed by the average PS i value:
Note that a high degree of individual specialization is indicated by a low value of IS, whereas if , then all IS p 1 individuals have the same diet and there is no individual specialization. If resource-dependent morphological variation is mediated by predation risk, we would expect to see a correlation between morphological variation and diet. For example, if predators cause an increased use of vegetation of the prey, we expect prey to include a higher proportion of littoral prey in their diet and respond morphologically in a direction that potentially favors foraging of littoral prey. Furthermore, we would expect individual specialization to decrease (higher IS value) with increasing induced habitat restriction by predators. Also, if individ- uals respond morphologically to differences in individual specialization, we would expect to see a larger variation in morphology among individuals that are subjected to no predation or equal predator densities among habitats.
Results
Young Perch Survival and Growth
Survival of young perch was high during the experiment (70%-89%), and there was no significant difference in survival across treatments (table 1; ANOVA on young  perch survival,  ,  ,  ) . Compar-F p 0.76 df p 4, 15 P p .56 ing young perch survival in the control treatment with the other treatments separately did not show any significant difference (ANOVA on young perch survival, control vs. the other treatments: , , ). F p 2.22 df p 4, 15 P p .15 There was no treatment effect on mass increase of young perch, suggesting that there was no difference in competition among treatments (table 1; ANOVA on young perch  mass increase,  ,  ,  ) . That re-F p 0.94 df p 4, 15 P p .47 sources were not limiting was supported by the fact that final individual mass was highest in the control treatment despite the highest density of young perch in this treatment.
Resources, Diet, and Habitat Use of Young Perch
Before the experiment started, the zooplankton biomass differed between both habitats and treatments (tables A1, A2 in the online edition of the American Naturalist ; ANOVA on zooplankton biomass, habitat:
, Young perch diet consisted primarily of pelagic zooplankton and macroinvertebrates and differed among treatments ( fig. 1 ; ANOVA on proportion of macroinvertebrates, treatment: , , ). The F p 24.42 df p 4, 15 P ! .0001 proportion of macroinvertebrates in the diet was higher in the treatment with a high density of predators in the open water (HOW treatment;
) and lower in the P p .002 treatment with high predator density in the vegetation (HV treatment;
) than in the control (C). The pro-P p .004 portion of macroinvertebrates in the diet was also higher in the treatment with equal low predator density (EL treatment) than in the HV treatment ( ) and lower in P ! .0001 the treatment with equal high predator density (EH treatment) than in the HOW treatment ( ). P ! .0001 Young perch predominately used the vegetation in the HOW treatment and used the vegetation to the lowest proportion in the HV treatment and in C ( fig. 2 ; ANOVA on proportion of time in vegetation, treatment: F p , , ) . 3.37 df p 4, 15 P p .037
Individual Specialization and Morphological Variation
There were differences in individual specialization among the different treatments, and the lowest individual specialization occurred in treatments with unequal predator densities among habitats (HOW and HV treatments; fig.  3 ; ANOVA on individual specialization index, , F p 3.411 , ). Fish from the field showed a sigdf p 4, 19 P p .036 nificant difference in morphology between habitats: littoral fish were more downward bent and had a slightly deeper body form, whereas pelagic fish were more upward bent and slightly shallower (t-test, , , df p 50 t p 6.36 P ! ). A similar pattern of habitat and morphology cor-.0001 relation was observed in the experiment: there was a significant morphological response of the prey across treatments, and the strongest response occurred in the unequal predator density treatments (HOW and HV treatments; fig. 4A ; ANOVA on MI, , , ). F p 17.62 df p 4, 19 P ! .0001 When predators were at high densities in the open water, prey moved into the vegetation and responded morphologically with a body form that was bent downward and slightly deeper than prey fish in the other treatments (Tukey HSD test on MI and C, EL, and EH treatments vs. HOW treatment, ). Conversely, when predators P p .05 were at high densities in the vegetation, prey were observed to a larger proportion in the open water, and they responded morphologically with a body form that was bent upward and slightly shallower than the prey in the other treatments (Tukey HSD test on MI and C, EL, and EH treatments vs. HV treatment, ). Prey fish in the P p .043 C, EL, and EH treatments showed intermediate morphology. The within-replicate variance differed between treatments and was lowest in the HOW treatment ( fig. 4B ; ANOVA on morphological variance, , F p 20.51 df p , ) . 4, 19 P ! .0001
We used linear regression to evaluate two potential mechanisms of predator-induced disruptive selection, diet and habitat. First, the degree to which the typical littoral body form was expressed was positively correlated to the proportion of littoral prey items in the diet, suggesting that there is a strong relationship between morphology and a particular diet of the fish ( , ; 2 R p 0.459 P p .001 fig. 5 ). Second, regressing morphological variation (MI) against proportional use of vegetation showed a much weaker and nonsignificant relationship ( , 2 R p 0.103 ). Third, variation in morphology (SD) decreased P p .168 with a decreasing individual diet specialization ( 2 R p , ; fig. 6 ). Thus, the much stronger relation 0.198 P p .049 between morphology and diet suggests that diet has a stronger influence on the morphological variation of young perch than other potential environmental variables.
Morphology and Fitness in the Field
We evaluated whether there is a relationship between cost in terms of retarded growth and morphology in a partic- ular habitat of 1-year-old perch in the field by testing the relationship between mass and morphological variation (MI). Littoral 1ϩ perch showed a positive relationship between mass and the littoral morphology, whereas pelagic 1ϩ perch showed a negative relationship between mass and the littoral morphology (ANCOVA on mass of 1ϩ perch, index: , habitat # morphological F p 21.26 df p , ; fig. 7 ). Thus, if we consider mass to be 2, 51 P ! .0001 positively related to fitness, this suggests that individuals having a more littoral body form would have a higher fitness in the littoral environment, whereas individuals having a more pelagic body form would have a higher fitness in the pelagic environment.
We also tested the relationship between mass and morphological variation (MI) of the experimental fish. However, the analysis did not reveal any significant difference between littoral and pelagic perch prey in the HOW and HV treatments (ANCOVA on mass of 0ϩ perch, : , , ) . habitat # MI F p 0.125 df p 2, 399 P p .883
Discussion
Trophic Polyphenism and Predation Risk
Our study supports the two first predictions that predation can indirectly cause a shift in morphology of fish populations. Our experimental results demonstrate that the presence of predators may alter the habitat and food resource use of young fish. This predatory effect seemed to ultimately have indirect morphological effects on the prey fish: fish occupying the littoral habitat developed a more littoral morphology (deep body and downward bent), whereas fish occupying the pelagic habitat developed a more pelagic morphology (shallow body and upward bent). This morphological dichotomy seems to be a general pattern among populations of freshwater fish (Robinson and Parsons 2002; Svanbäck and Eklöv 2002) . The habitatcorrelated morphological variation in the experiment was consistent with the morphological pattern of young fish in the field, supporting the third prediction. Furthermore, the individual morphological variation among perch in the field population was highly correlated to mass, suggesting that there is a cost of having an intermediate morphology. We have used growth as a proxy for fitness because in many organisms with size-structured populations, size is correlated with a number of fitness components such as reproductive success, vulnerability to predation, overwinter survival, and competition (Mittelbach 1981; Post and Evans 1989; van den Berghe and Gross 1989; Merrett 1994; Lundvall et al. 1999 ). To our knowledge, this is the first empirical result showing that predatorinduced habitat shifts in prey can drive morphological variation, that is, a resource polyphenism (but see also Van Buskirk and Schmidt 2000) . We use the term "polyphenism" here because the prey response to predators led to the expression of different phenotypes and not to different genotypes. However, in a longer time perspective, it is plausible that such plasticity can be a foreshadowing of future adaptations and possibly speciation (West-Eberhard 2003) . By combining experimental and field results, our study demonstrates that predators can induce morphological variation of a species not only at the shorter time scale and at the individual level (the experiment) but also at the longer time scale and the population level (the field).
Although we have no direct quantitative evidence for the magnitude of the predation risk of small fish in the natural environment, we are confident that the risk is substantial because a major food resource of the predators' diet in the lake we studied consists of small perch (Svanbäck and Eklöv 2002) .
It has been suggested that resource polymorphism, an excessive niche-based variation within a population, is due to divergent natural selection (Smith and Skú lason 1996) . The general explanation for why this is especially common among northern fish populations is that lakes of previously glaciated regions have depauperate faunas, are environmentally heterogeneous, and allow limited opportunities for dispersal (Robinson and Schluter 2000) . Thus, there is good opportunity for strong divergent selection when the contrast in environments between the littoral and pelagic zones in a lake can impose strong selection on various traits related to resource use and defense against predation (Robinson and Wilson 1994; Schluter 1995; Svanbäck and Eklöv 2002) . Although the examples of trophic polymorphism in freshwater fishes exist in abundance, we know less about the mechanisms that drive this pattern. Our previous work has demonstrated that there is a strong relationship between morphological variation and behavioral performance of perch Eklöv 2003, 2004) . The behavioral performance is highly related to feeding efficiency on different food resources and further to fitness Eklöv 2003, 2004) . The most common explanation for trophic polymorphism is that it is caused by a release in interspecific competition (Rob- inson and Wilson 1994; Schluter 1994). Our results suggest that the indirect effects of predators may be an important driver for trophic polyphenism. When the predation risk was higher in one habitat, the prey fish shifted to the other habitat and fed on food resources specific for this habitat. The restricted diet in turn affected the morphology of the prey fish. The evidence for the fact that the direction of the polyphenism is adaptive was demonstrated by the correlations between morphology and mass in the field populations. In the natural environment, both predation and competition are probably involved as important ecological factors affecting the morphology, and it is likely that the morphological response is affected by a trade-off between foraging and predator avoidance.
The Role of Diet and Structure for Morphological Variation
Changes in the morphology that result from habitat shifts may arise either as a response to the structure of the environment or a response to the use of specific resources.
Other studies have shown that predation risk alone can induce morphological change through prey responses to chemical cues (Brönmark and Miner 1992; Eklöv 2000) . However, such responses were probably of lesser importance in our study because there was apparently no directional change in morphology as a result of presence or absence of predators (compare control, equal low, and equal high in fig. 4A ). The experiment demonstrated a response to diet, but in a natural lake, many other components of the habitat may induce a plastic response. For example, in a laboratory experiment, young perch showed high plasticity to both structure and food (Olsson and Eklöv 2005) . Still, the strong correlation between morphology and proportion of littoral prey in the diet in our experiment showed that the diet was of high importance for the morphological variation of young perch. Furthermore, a decrease in the variation in morphology with an increase in diet similarity also indicated that there is a connection between morphological variation and diet. Whole-lake manipulations have demonstrated that there is a strong connection between resource fluctuations and individual diet specialization (Svanbäck and Persson 2004 ). Svanbäck and Persson (2004) showed that when the preferred prey types of perch (macroinvertebrates and small fish) were common, all adults had the same diet. However, when the preferred prey types were scarce beacuse of increased intraspecific competition, a part of the population switched to feed on zooplankton whereas others kept a diet of macroinvertebrates. Such specialization on certain resources may have strong implications for morphological adaptations because the foraging efficiency of perch is strongly related to individual morphology Eklöv 2003, 2004) . The morphological difference between littoral and pelagic perch has been found to be driven by a functional trade-off between body forms that optimize different foraging tasks such as feeding on zooplankton and macroinvertebrates (Svanbäck and Eklöv 2004) . Similar connections between habitat-specific foraging efficiencies and morphological adaptations have also been found for other species (see reviews in Smith and Skú lason 1996; Bolnick et al. 2003) . For example, Ehlinger and Wilson (1988) showed that bluegill sunfish show an adaptive intraspecific variation in morphology and foraging behaviors that is related to specialized feeding in either the littoral or the pelagic habitats.
Ecological Interactions and Morphological Differentiation
The role of ecological interactions for the phenotypic differentiation of species in natural communities is not yet known (see Schluter 2000a) . Most evidence comes from closely related sympatric species showing exaggerated differences in morphological traits that are explained by disproportionately strong competition for resources (Schluter 2000a (Schluter , 2000b . The field results in our study indicate that this process is potentially also important for the differentiation of two morphological types within a fish species. In our study, the predator and the prey are the same species, and therefore it is difficult to conceive of them as being evolutionarily independent so that selection will ultimately lead to speciation. However, we can still regard this system as a model for how such a process could work in a system where predator and prey are different species. We found that being intermediate of littoral and pelagic morphological types had negative effects on individual growth. It is not clear whether the proximate mechanism for differences in specific growth of the phenotypes was competition between them or whether growth was affected by individual habitat choice dependent on differences in predation risk. However, there is strong evidence that habitat shifts in small fish are driven by trade-offs between foraging and predator avoidance when foraging in the open water is more profitable but also riskier than foraging in the littoral (Werner et al. 1983; Persson and Eklöv 1995) . The trade-off between foraging and predator avoidance has been shown to be the major factor influencing species interactions in ecological communities (Werner and Anholt 1993; Lima 1998) , and theoretical analyses show that this trade-off also may lead to evolutionary branching and ultimately speciation (Abrams 2003) . There are several potential ways that predation can lead to evolutionary branching, including apparent competition (Abrams 2000; Abrams and Chen 2002) , predator selection on vulnerable forms of a species (Vamosi and Schluter 2002) , and potentially intraguild predation. We did not examine the effects of predator selection on morphological diversification in our study, but our results suggest that habitat and diet selection of the prey due to predation risk alone can cause strong morphological responses. That predation risk alone can be responsible for morphological differentiation was evident in the experiment in which perch differentiated morphologically depending on the predation risk despite no differences in competition. Furthermore, the morphological variance was lowest in the predator treatments and especially in the treatment with high predator density in the open water, in which young perch showed a strong morphological response. Thus, the presence of predators affects not only the direction of morphological development indirectly but also the variance among prey, which suggests that the mere presence of predators can have substantial directional effect on prey morphology.
Although both competition and predation are probably involved in trophic polyphenism in the natural environment, it is possible that competition is important only for morphological diversification in combination with predation when individuals trade-off between foraging and predator avoidance by moving between different habitats. If individuals should choose the behavioral option that minimizes the rate of mortality per unit increase in growth rate (Gilliam 1982; Werner and Gilliam 1984) , predators would potentially have an impact on those individuals that have a lower fitness in a structured habitat and should take a higher risk to increase their foraging rate in the open-water habitat. For example, Vamosi and Schluter (2002) showed that in a stickleback species pair, the limnetic form survives better than the benthic form in the absence of predators. In contrast, in the presence of predators, the benthic form survives better because predators selectively prey on limnetic forms. Thus, contrasting predation pressures in different habitats could promote further divergence than would otherwise be expected. In our study, there was no difference in prey mass increase across treatments, indicating that the competition for resources was probably weak and that the differential resource use of the prey fish probably resulted from the restricted habitat use due to predation risk. It could be argued that the experimental test provides a relatively limited explanation for the fitness consequences in the field because there was no correlation between individual growth and morphology, as there was in the field. However, this was probably a result of the relatively short experimental time and the fact that it probably takes a longer time for differences in morphology to affect individual growth. The relation between morphological development and individual growth over time and how predators may affect this relationship is still unknown and would require further experiments.
Conclusions
Our findings provide support for the prediction that predation risk is important for adaptive morphological variation of young fish. Character displacement or predator selection is commonly used as an explanation for adaptive morphological variation, but this was not the most likely explanation for the morphological variation of perch in our experiment. Predators caused prey to shift to a lowerrisk habitat in which they increased their use of habitatspecific resources, ultimately leading to alterations in the morphology. Such behavioral-mediated indirect effects by predators are widespread and important in ecological food webs, but their evolutionary consequences still remain poorly explored (see Werner and Peacor 2003) . Rundle et al. (2003) showed a similar pattern to ours, that divergent selection may be enhanced by predation despite weak competition. This demonstrates that morphological divergence of individuals probably involves a richer array of ecological interactions than competition for resources only. Thus, exploring the evolutionary consequences of more complex ecological interactions will be a challenge for future studies.
